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@ Process to purify the big-endothelin protein. 

@ A process to purify Big-Endcrthelin (Big-ET) 
fix)m CRide extracts comprising ttie steps as 
follows : 

— to express Big-ET protein in host cells 
using genetic engineering methods ; 

— to lyse said host cells and to treat them 
with a proteolytic enzyn^e in order to obtain a 
proteol^ed extract; 

— to load said proteotysed extract to an af- 
finity chromatography column, prepared t>y inv 
mobSizing a Big-ET speciTic ligand, said ligand 
comprising Big-ET hydropathically complemen- 
tary peptides, consisting of D configuration 
amino acids, said column equiibrated with a 
suitable saline buffer ; 

— to wash out the not specifically bonded 
material from said column by a suitable wash- 
ing buffer; 

— to elute the specifically retained nriaterial 
into said column by a suitable elution buffer. 
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SPECIFICATION 

This invention relates to a process to purify the Big-Endothelin (B»g-ET) protein from crude extracts having 
proteolytic activities, with high final product yield, by means of trypsin digestion and affinity chnwnatography 
5 procedures, using a Big-ET specific peptide ligand. stable to trypsin. 

The process allows to recover high purity recombinant Big-ET from host cells extracts, thus avoiding ex- 
pensive either liquid or solid phase chemical synthesis procedures. 

It is known in the art that endothelin (ET) is a 21 amino acid peptide, having a powerful vasoconstrictive 
activity (Yanagisawa and al.. Nature. 332.411-41 5. 1 988). ET is synthesized by endothelial cells as a 200 amino 
10 acid precursor (pre-pro-ET).then converted to Big-ET (38 amino acids) and finally to ET (21 amino adds) by 
proteolytic digestion. Enzyme(s) responsible for said reactions is (are) not yet fully characterized and is (are) 
known as ECE. Big-ET is not active; however it may be activated, both in vHro and in Wvo, also by targe spec- 
trum proteolytic enzynrws, such as chymotrypsin and cathepsin. Therefore, Big-ET is useful not only as inter- 
nrtediate product to obtain pharmacologtcalty active ET. but also as substrate to study and characterize enzymes 
IS involved in cell mediated ET synthesis. 

At present Big-ET, as well as ET. are commercially available as direct chemical synthesis products from 
protected single amino acid residues. 

Due to the complexity of ET nxtlecutes. having two disutfMe bridges at 1-11 and 3-15 positions respec- 
tively, and to the peptide length, longer than the standard length of the usually synthesized peptkJes. the yield 
20 is low and. accordingly, costs result to be significatively high. 

Genetic engineering methods allow to obtain recombinant peptides from genetically nxKJif ied microorgan- 
isms at high yield and relatively low costs, provided that the concerned peptide is effKiently expressed in host 
cells and an effective purifk:atk>n procedure is available. 

Both peptkJes and small protein n)olecules are generally present in few amount in bacterial cytoplasm, as 
25 being subjected to quick degradation. Recombinant nr>olecules are subjected to similar degradation processes. 
Low molecular weigth recombinant peptides may eff icientiy be expressed as fusion products of heterologous 
high nx>lecular weigth proteins, that result to be less sensitive to enzyme degradation. Then the fusion product 
is treated with specific enzymes, or suitable chemical reactants. which are able to release the peptide from 
the high molecular weigth protein. 
30 A process to obtain Big-ET from engineered £co// was described, using the approach as above, comprising 
a purifying process, wherein conventtonal chronwtography separation techniques are used (Ohoshi and al.. J. 
Biochem.. 110, 628, 1991). According to this process, Big-ET was obtained as fusion product with p-galacto- 
sldase 55, 51 or 48 residue fragments, spaced with the lle-Glu-Gly-Arg sequence, representing the cleavage 
site of the Xa enzyme (Pierce Chem. Co., USA) . The fusion product, which results to be poor soluble, is f irstiy 
35 purified firom crude bacterial extracts through a gel filtration chromatography procedure, under denaturing con- 
ditions in presence of 8 M urea; then treated with the Xa enzyme, or trypsin, to release Big-ET. Big-ET is then 
purified by Reverse Phase High Pressure Liquid Chromatography (RP-HPLC). The nwthod, that does not use 
any affinity purif fcation step, is time consuming and can not be utilized to produce Big-ET on a large scale. 
One of the authors of the instant invention has described (EP Application Nr.91 830428.8) a peptide, named 
^ 5-ET(16-29), having the following L configuratton amino acid sequence: 

NH2-ArgLysPheLeuAlaGlyLeuArgAiaArgArgLeuLysPhe-C00H, 

which is hydropathicaily complementary to the Big-ET 1 6-32 sequence, and able to bind the same both in liquki 
45 and covalentiy or not covalently solid phases. A synthesis process in a no linear form is described for said mol- 
ecule, starting firom an amino add core, comprising at least one amino acW, having two amrnic terminal func- 
tions, in order to facilitate its blocking on solid phase to prepare affinity columns. However, use of such columns 
to purify Big-ET from bacterial extracts, having proteolytic activities, is not feasible, as the imnrwbilized ligand 
is easily degraded by enzymes contained in cell extracts, thus lowering the capacity and the functions of the 
50 column. 

Accordingly, the availability of an easy, simple, high yield and cost effective process to obtain Big-ET, both 
for research and pharmacology purposes, is at present an actual requirement 

Surprisingly the authors have found that &-ET ligand. even when synthesized using amino acids having 
a D configuration, is able to interact and recognize Big-ET. Further, said ligand. synthesized in a non linear 
55 multimeric form. Is fully stable when subjected to proteolytic activities, such as trypsin, chynrwtrypsin and ther- 
molysin, thus allowing to purify Big-ET directiy from bacterial extracts, having high proteolytic activities. There- 
fore, recombinant Big-ET may be obtained directiy from crude bacterial extracts as fusion product with other 
proteins and further digestion with suitable enzynr>es. through affinity chromatography columns with 6-ET as 
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specific ligand. Big-ET is directty recovered by proteoiytic extracts, so avoiding any intermediate steps, that 
could lower the final product yield. The method allows to obtain Big-ET at high yield also from partially or fully 
insoluble fusion products. 

Accordingly, an object of the invention is a process to purify Big-ET from crude extracts, comprising the 
steps as follows: 

• to express Big-ET protein in host cells using genetic engineering methods; 

- to lyse said host cells and treat them with a proteolytic enzyme in order to have a proteolysed extract; 

- to load said proteolysed extract to an affinity chronwtography column, prepared by immobilizing a Big- 
ET specific ligand, said ligand comprising peptides hydropathically complementary to Big-ET. consisting 
of D configuration amino adds, said column equiibrated with a suitable saline buffer, 

- to wash out the not specifically bonded material from said column by a suitable washing buffer 

- to elute the specifically retained material into said column by a suitable elution buffer. 
Preferably, Big-ET is covalently bound to a molecule carrier, and has the formula: 

(P).X-R- (Big-ET) 

wherein: P is said nrwlecule carrier X is a linear spacer peptide consisting from 1 to 10 amino acids; R 
is arginine; and Big-ET is the amino add sequence of big endothelin. 

According to a preferred embodin>ent of the invention, said hydropathically complementary peptides are 
non linear and comprise an amino acid core, having the following formula: 



Yn3^ 

Yn3 ^ \ 
Yn3 / 



wherein: X is an amino add having at least two amino terminal residues; Y is an amino acid selected 
from alanine, glydne or arginine; m is 0 or 1; n1, n2 and n3 are whole numbers from 0 to 10; and bonds are 
cart>amide tx>nds. 

According to a preferred embodinwnt of the invention, X is lysine or ornithine; nDore preferably m is 1. 
Further according to the invention, said Big-ET hydropathically complementary peptides comprise the D 
configuration amino acid sequence as fdlows: 

NH2-ArgLysPheLeuAlaGlyLeuArgAlaArgArgLeuLysPhe-C00H. 



According to a another preferred embodiment of the invention, said non linear hydropathically complemen- 
tary peptides have the following formula: 



NH2-D-5-ET (16-29) GlyGlyGly GlyGlyGly-D-5-ET (29-16) -NH2 



OrnGlyArgGlyOrnGlyArgGlyOrn 
Gly 

NH2-D-5-ET (1 6-29) GlyGlySly GlyGlyGly-D-5-ET (29-16) -NH2 



According to a preferred embodiment of the invention, said lysis is carried out by adding urea so that urea 
final concentration does not exceed 2 M. and the pH of the mixture is between 7 and 8.5; said proteolytic en- 
zyme is selected from the group comprising trypsin, chymotrypsin and thermdysin. 

This invention shall be described in the following by some explanatory, but not limiting examples, by ref- 
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erence to the annexed figures, wherein: 

- f ig.1 shows th resistance to proteolytic enzymes, as trypsin, chymotrypsrn and lhernfx)lysin. of affinity 
chromatography ligand D-4-5-ET; 

- f ig.2 shows the specificity of binding of Big-ET to affinity chromatography columns, prepared by immo- 
bilizing the ligand D-4-6-ET; 

- fig.3 shows trypsin digestion products of MBP-Big-ET fusion product; 

- f ig.4 shows the purification of the MBP-Big-ET. trypsin digested fusion product through an affinity chro- 
nriatography procedure. 

EXAMPLE 1 GST-Big-ET and MBP-Big-ET fusion products 

Genes coding the Maltose Binding Protein (MBP. 42 KD) (Duplay, P. and al.. J. Biol Chem.. 259. 10606. 
1984) and the Glutathione-S-Tranferase (GST, 27 KD) (Smith. D.B. and al.. Proc Natl. Acad. Sci. USA, 83. 
8703, 1 986) are used to construct chimeric coding sequences with Big-ET coding sequence. GST DMA coding 
sequence is in the pGEX-2T plasmkJ vector, as described by Smith, D.B. and al.. Gene, 67. 31, 1988; while 
the MBP DMA coding sequence is in the pMal-CRI vector, as described in Di Guan. Gene. 67. 21. 1988; plas- 
mids are available from Pharmacia and New England Biolabs, respectively. MBP-Big-ET and GST-Big-ET fu- 
sion genes are obtained using standard niethods, as described in Sambrook, and ai.. Molecular Cloning: A Lab- 
oratory Manual, CSH Editor, 1989. 

The human Big-ET coding sequence is obtained through in vitro assembling of three pairs of synthetic oli- 
gonucleotides. Each pair, formed by complementary oligonucieotides, is able to bind the adjacent pair by sticky 
ends. Therefore, three digonudeotide pairs are covalently bound by T4 DNA ligase, producing the synthetk: 
gene to be used as template in a gene amplificatton reaction, controlled by thermostable DNA Polymerase 
(PGR). 

As PCR specif fc primers two oligonucleotides are used, having respectively a sequence compleiT^entary 
to the 5*end or to the 3*end of Big-ET and designed to insert DNA restriction sites to be used during the doning 
step. Further, the 5'end oligonudeotide directs the insertion of the following four contiguous triplets ATC- 
GACGGTCGT, coding the recognizing and deavage site of Xa Factor, upstream the Big-ET coding sequence. 

PCR obtained DNA fragments are purified by electrophoresis on agarose gel and cut by suitable restriction 
enzynr>es. Compatible restriction enzymes are used to cut pGEX-2T and pMal-CRI vectors. Ugation readions 
covalently bind the vector and the fragment, thus producing two recombinant ET-GEX and ET-Mal2 plasmkls. 

E. CO// cells (DH5a strain) are transformed with said plasmids by standard methods and recombinant 
dones are selected with ampidllin containing medium. Recombinant dones with a correct insertion of Big-ET 
at the 3'end of DNA of carrier proteins, are screened by restriction analysis and sequence identification, using 
the Sanger nr>ethod (Sanger and al., Proc Natl. Acad. Sci. USA, 74, 5463, 1977). 

EXAMPLE 2 Expression of (SST-Big-ET and MBP-Big-ET fusion proteins 

GST-Big-ET fusion protein is expressed by inducing ET-GEX plasmid with 1 mM isopropyl-^D-thiogalao- 
toside, when bacterial cultures have 0.72 absorbance units at 600 nm optfcal density, 

MBP-Big-ET fuston protein is expressed by indudng Et-Mal2 plasmid with 0.3 mM isopropyl-p-D-thioga- 
lactoside, when bacterial cultures have 0.45 absort>ance units at 600 nm optcal density. 

The expression time, under optimized aeration and temperature (37*C) conditions, lasts three hours in both 
cases and is blocked by culture cooling and bacterial centrifugation. Bacterial pellets are washed using PBS 
phosphate buffer (0.2 g/l Ka; 0.2 g/l KH2PO4; 8 g/l NaQ; 1.15 g/l NaH2P04). ET-GEX pellet is resuspended 
in one fifth of the initial volume of PBS, with 1% TRITON and 1 mM PMSF. ET-Mal2 pellet is resuspended in 
one twentyfifth of PBS initial volume, containing 0.25% hydrogenated TRITON and 1 mM PMSF. 

Total bacterial protein extraction is carried out by ultrasonlcation. GST-Big-ET partially soluble fusion pro- 
tein is localized mostfy within the indusion bodies, while MBP-Big-ET fusion protein is fully solubSized by bac- 
terial lysis process. 

EXAMPLE 3 Evaluation of peptides' yield 

Total bacterial lysate is sul)iected to SDS-PAGE under redudng conditions. Extract from ET-GEX induced 
bacteria contains appr. 25% of GST-Big-ET over th total amount of proteins, while extract from ET-Mal2 in- 
duced bacteria contains appr. 50% of MBP-Big-ET, over the t tal amount of proteins. Standard values of protein 
yield are in 0.1-0.6 mg/ml of culture range; the GST-Big-ET MBP-Big-ET yields are respectively 0.15 mg/ml 
and 0.3 mg/ml. 
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EXAMPLE 4 Production and characterization of D-4-5-ET peptide ligand 

The sequence of hydropathlcatly complennentary peptide to human Brg-ET (16-29) sequence, defined as 
5-ET(16-29) is described in the European Patent Application N.91 830428.8. hereby included as reference, as 
being NHrArgLysPheLeuAJaGlyLeuArgAlaArgArgLeuLysPhe-COOH. 

5-ET(16-29) peptide is synthesized on solid phase, using standard FnrKx: procedures, based on single ami- 
no acid coupling, that formed active esters with DCC/HOBt All used amino acid residues in the synthesis have 
a D configuration, represented with "D". D-5-ET (16-29) peptide is sinthesized in a tetrameric form (D-4-&-ET), 
starting from a central core, consisting of ornithine-conjugated ornithine, according to the following scheme: 



NH2-D-5-ET (16-29) GlyGlyGly GlyGlyGly-D-6-ET {29-16) -NH2 

The multimeric peptide, defined as D-4-S-ET( 16-29), is deprotected, released from the resin by standard 
methods and then purified up to honrx)geneity by RP-HPLC. The purified peptide is analysed for amino acid 
content, as well for molecular weigth, by laser desabsorption mass spectrometry, thus confirming the peptide 
identity. 

The purified peptide is dissolved at 100 ng/ml in 500 mM NH4HCO3 pH 8.0 and treated with trypsin, a- 
chimotypsin and thermolysin solutions, using an enzyme:substrate ratio 1:100 and incubating at 37*C. At dif- 
ferent time intervals, aliquots are taken and analyzed by RP-HPLC for presence of degradation products. Fig.1 
shows digestion data with different enzynf>es. confirming that the peptide is not degraded by any of tested en- 
zymes, even after a four hour incubation. 

The peptide is used to prepare affinity columns. 5 nrig of peptide dissolved in 10 ml NaHCOs are incubated 
with 1g of Eupergit C30N (metacryl preactivated support with epoxide groups), or with 1 .2 g of WATERS-AC- 
CEL (coated sBiceous support by a layer of poiyacrylamide and preactivated with epoxide groups). After having 
been incubated with stirring for 24 hours at room temperature, resins are washed with coupling buffer and 
packed on I.D. 6.6 x 100 mm glass columns. Then columns, previously connected to a HPLC system, equipped 
with a variable wavelength detector and a recorder, are balanced with 25 mM TRIS, pH 6.8. at 2 ml/mrn flow 
rate. As preliminary step, the binding capacity to Big-ET is tested. For this purpose. 50 ^J aliquots of 100 \igfm\ 
solution of Big-ET in 25 mM TRIS pH 6.8. (NOVABIOCHEM. Switzerland) are injected into the columns and 
the eluent monitored by UV absorption at 280 nm. As shown in f ig.2. the injected Big-ET sample does not elute 
from the column after 20 minutes, needing to replace the original buffer with an acetic ackJ buffer, to allow the 
sample to elute. The interaction between Big-ET and the blocked 0-4 6 ET is specific as control columns, pre- 
pared by immobflizing unrelated peptides, or TRIS, show no ability to retain any Big-ET sample. 

EXAMPLE 5 Digestion of bacterial extracts containing MBP-Big-ET and GST-Big-ET fusion products 

Bacterial extracts, prepared as in Example 1 and containing either Maltose Binding Protein-Big-ET or Glu- 
tathion Binding Protein-Big-ET fusion products, are 1:1 diluted with a 8 mM urea solution and incubated for 30 
minutes at room temperature. Mixtures are 1:1 diluted with 50 mM NhUHCOa, pH 8.5 and treated with 10 ^g 
trypsin per ml of mbcture, under stirring condittons for 2 hours at room temperature. Extracts, which initially ap- 
pear as insoluble nruiterials. result as fully clarified and clear products. 

The fijston product cutting by trypsin digestion is checked by RP-HPLC, by monitoring the starting fusion 
product disappearing, as shown in f ig.3 for MBP-Big-ET. 

An Aquapore ABI column 2.1 x 30 mm I.D. is used in the separation chromatography step, which is balanced 
with 0.1% H20/CH3n"FA. using a linear 3-60% acetonitrile gradient for 45 minutes. The column effluent is moni- 
tored by UV absorption at 225 nm. The process fully degrades the fusion product, thus producing a high Big- 
ET yield. 



NH2-D-5-ET (16-29) GlyGlyGly G^^GlyGly-D-5 
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EXAMPLE 6 Purification of Big-ET fjpom trypsin treated bacterial extracts containing either MBP-Brg ET or 
GST-Big-ET 

Bacterial extracts, treated as in Example 3. are 1:1 diuted with 10 mM TRIS pH 6.8 and 4 ml aliquots are 
loaded on either (D-4-5-ET) Eupergit or (D-4-6-ET) Waters affinity columns, balanced with 10 mM TRIS pH 
6.8 at 1.0 mt/min. flow rate. After having fully eluted the column unretained material, the eluent is changed to 
0.12 M acetic acid and the material collected and analyzed by RP-HPCU as shown in f ig.4 in the case of MBP- 
Big-ET. 

tt clearly results that both MBP-Big-ET and GST-Big-ET digested exbBCts are able to release Big-ET at 
high purity (80%) levels, by only one chromatography step. Quantitative nDeasurements reveal that Big-ET is 
obtained at 20 ^g/ml or 5 ^g/ml. when respectively ET-2MAL or ET-GEX are used. Recovery yields are respec- 
tively 85% and 80%. The structural and sequence identity of purified material is tested by amino acid compo- 
sition, as well as molecular weigth measurement through atomic bombardment mass spectrometry and chro- 
matography retention time measurement on reverse phase columns. 

The material purified by affinity chromatography on (D-4-5-ET) Waters column is freeze dried, resuspend- 
ed in 50 mM NH4AC. pH 7.5 buffer at 1 mg/ml concentration and treated with 20 ^g a-chymolrypsin (SIGMA) 
by incubating with stirring for 2 hours at room temperature. Finally, the reaction mixture is analyzed by RP- 
HPCL The mixture is freeze dried, added with 50:50:0.1 H20/CH3CN/rFA up to a 5 mg/ml final concentration. 
Digestion products are separated by a semi-preparative RP-HPLC. using a RP I.D. 250 x 10 mm 8 Supeico 
column, equilibrated to a 3 ml/mtn. flow rate and a CHaCN 5-65% linear gradient, in 45 minutes. Under the 
above conditions, endothelin elutes after 28 minutes, Big-ET after 32 minutes and the 22-38 fragment after 
20 minutes. The endothelin based material is collected and freeze dried for subsequent use. 



1. Process to purify big endothelin (Big-ET) from crude extracts, comprising the steps as follows: 

- to express Big-ET protein in host cells using genetic engineering methods: 

- to lyse said host cells and treat them with a proteolytic enzyme in order to have a proteolysed extract; 

- to load said proteolysed extract to an affinity chromatography column, prepared by imnwbaizing a 
Big-ET specific ligand, said ligand comprising Big-ET hydropathically complementary peptides, con- 
sisting of D configuration amino acids, said column equilibrated with a suitable saline buffer 

- to wash out the not specifically bonded nnaterial from said column by a suitable washing buffer, 

- to elute the specifically retained material into said column by a suitable elution buffer. 

2. Process to purify Big-ET from crude extracts according to claim 1 , wherein said Big-ET is covalently bound 
to a molecule carrier, according to the fornnula: 

(P) -X-R- (Big-ET) 

wherein:wherein: P is said molecule carrier X is a linear spacer peptide from 1 to 10 amino acids; 
R is arginine; and Big-ET is the amino add sequence of the big endothelin. 

3. Process to purify Big-ET from crude extracts according to any of previous daims, wherein said hydropath- 
ically complementary peptides are non linear and comprise an amino acid core, having the following for- 



Claims 
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Yn3 



Yn3 




X — 




wherein: X is an amino add having at least two amino terminal residues; Y is an amino add selected 
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from alanine, glycine or aiginine; m is 0 or 1; n,, and ns are who! numbers from 0 to 10; and bonds 
are carbamide bonds. 

Process to purify Big-ET from crude extracts according to claim 3. wherein X is lysine or ornithine. 

Process to purify Big-ET from crude extracts according to claims 3 or 4. wherein m is 1. 

Process to purify Big-ET from crude extracts according to any of previous daims from 3 to 5. wherein said 
Big-ET hydropathically complementary peptides comprise the D configuration amino acid sequence as 
follows: 

NH2 - Ar gLy s PheLeuAl aG 1 yLeuAr gAl aAr gAr gLeuLys Phe-COOH . 

Process to purify Big-ET from crude extracts according to daim 6 wherein said non linear hydropathically 
complenDentary peptides have the following formula: 

NH2-D-8-ET(16-29)GlyGlyGly GlyGlyGly-D-6-ET (29-16) -NH2 



NH2-D-5-ET ( 16-29) GlyGlyGly GlyGiyGly-D-5-ET (29-1 6) -NH2 

Process to purify Big-ET from crude extracts according to any of previous daim, wherein said lysis is car- 
ried out by adding urea so that urea final concentration does not exceed 2 M. and the pH of the mixture 
is between 7 and 8.5. 



Or nG 1 yAr gGl yOr nG 1 yAr gG 1 yOr n 






t 

Gly 




Process to purify Big-ET from crude extracts according to any of previous daim, wherein said proteolytic 
enzyme is selected from the group comprising trypsin, chymotrypsin and thernwlysin. 
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